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(54) FORMATION METHOD FOR RESIST PATTERN 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a formation method in 
which a resist pattern having a specific pattern width or lower is 
formed by a method wherein a groove-shaped resist pattern 
which partly inverts the phase of light used in a second half 

xposure process is formed in a first half exposure process and 
the second half exposure process is executed. 
SOLUTION: A semiconductor substrate 1 is coated with a 
positive photoresist 2 by a spin coating method, and the 
photoresist is baked and dried. In succession, by using a 
photomask 3 having an opening pattern, about half the film 
thickness of the photoresist 2 is irradiated with an i— line 4 by a 
stepper and a first half exposure process is executed. Then, the 
photoresist 2 is developed, washed by water and dried, a 
groove-shaped resist pattern which partly inverts the phase of 
exposure light is formed, and the whole face of the photoresist 
2 is exposed by the Mine 4 in a second half exposure process 
without using the photomask 3. Lastly, the photoresist is 
developed so as to form a resist pattern in an opening size 
which is smaller than the opening size of the resist pattern 
formed in the first half exposure process. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has b en translat d by comput r. So the translation may not refl ct th original pr cisely. 

2. **** shows th w rd which can not b translat d. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] The method of applying a positive-type photoresist and forming a resist pattern using single 
wavelength light on a semiconductor substrate, by which it is characterized by providing the following The 1st 
half exposure process which exposes about 1/2 of the thickness of a photoresist substantially using a photo 
mask The 1st development process which forms the resist pattern of the shape of a slot which can reverse a 
part of phase of the exposure light used for the 2nd half exposure process The 2nd half exposure process 

xposed all over a photoresist without using a photo mask The 2nd development process which forms the resist 
pattern of an opening size smaller than the opening size of the resist pattern formed at the 1st half exposure 
process 

[Claim 2] The formation method of a resist pattern according to claim 1 that the phase reversal of the 
xposure light used for the half exposure process of the above 2nd is characterized by generating [ near the 

side of the resist pattern of the shape of a slot formed at the 1st half exposure process ]. 

[Claim 3] It is the formation method of the resist pattern according to claim 1 characterized by being the light 
xposure which the light exposure of the exposure light used for the half exposure process of the above 2nd 
xposes until only the photoresist of the groove bottom section formed at the 1st half exposure process 

reaches a semiconductor substrate front face, and is not exposed until photoresists other than the groove 

bottom section reach a semiconductor substrate front face. 
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* NOTICES * 
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1 This document has b en translat d by comput r. So th translation may not reflect th original pr cisely. 
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DETAILED DESCRIPTION 

[Detailed Description of the invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the formation method of the detailed 
r sist pattern suitable for formation of the formation method of a detailed resist pattern especially a contact 
hole, a space pattern, etc. 
[0002] 

[Description of the Prior Art] By using a high-pressure mercury lamp as the light source, since resolution is 
high as compared with other optical exposing methods, the reduction projection exposing method using i line, g 
line, etc. is widely used for formation of the resist pattern in the manufacturing process of a semiconductor 
device. However, by the reduction projection exposing method, the depth of focus (DORDepth of Focus) of a 
projection optical system falls, so that the width of face of the pattern of a photo mask becomes narrow, and 
th present usable resolution is about 0.5 micrometers, and if the pattern width of face of the above-mentioned 
photo mask is set to 0.5 micrometers or less, it will become difficult [ pattern formation ]. By using the phase 
shift mask which has a shifter portion for reversing the phase of an incident light into a photo mask instead of 
the conventional photo mask as a method of raising this resolution Reverse a part of phase of an incident light, 
and the method of aiming at improvement in the depth of focus, i.e., the improvement in resolution, is used For 
example, when isolated patterns, such as a contact hole, are formed using a halftone type phase shift mask, it 
is possible to obtain the resist pattern of about 0.35-micrometer width of face. 
[0003] 

[Problem(s) to be Solved by the Invention] Since a phase shift mask is what prepares the shifter portion which 
reverses the phase of an incident light optically in a photo mask, as compared with the usual photo mask, the 
production process of a photo mask becomes expensive [ the manufacturing cost of a photo mask ] by 
b coming complexity and difficulty, and the manufacturing cost of a semiconductor device also becomes high. 
Then, this invention aims at offering the formation method of the resist pattern which forms the resist pattern 
which has pattern width of face of 0.5 micrometers or less by the reduction projection exposing method using 
single wavelength light by using the usual photo mask which is pattern width of face of 0.5 micrometers from 
which sufficient depth of focus is obtained. 
[0004] 

[Means for Solving the Problem] Then, this invention person is the same phase as the case where a phase shift 
mask is used, wholeheartedly by the shape of a slot which reverses a part of phase of the light used for the 2nd 
half exposure process at the 1st half exposure process carrying out resist pattern formation, and performing 
the 2nd half exposure process further as a result of research. 

[0005] Namely, this invention applies a positive-type photoresist on a semiconductor substrate, and sets it to 
the method of forming a resist pattern using single wavelength light. The 1st half exposure process which 
exposes about 1/2 of the thickness of a photoresist substantially using a photo mask, The 1st development 
process which forms the resist pattern of the shape of a slot which can reverse a part of phase of the 

xposure light used for the 2nd half exposure process, The 2nd half exposure process exposed all over a 
photoresist without using a photo mask. It is the formation method of the resist pattern characterized by 
including the 2nd development process which forms the resist pattern of an opening size smaller than the 
opening size of the resist pattern formed at the 1st half exposure process. Namely, thickness lambda of the 
photoresist by which t=n-lambda / 2Nft:exposure of the depth of the resist pattern of the shape of a slot 
formed at the 1 st development process are done: Wavelength of light (i line 365nm) 
Nf: The refractive index of a photoresist (in PFi26A, it is 1.628) 

n: By satisfying the relation of the natural number, when the phase of the exposure light used for the 2nd half 

xposure process is reversed near the side of the above-mentioned slot-like resist pattern and offsets 
exposure light, a photoresist is exposed only in the center section of the slot-like resist pattern, and it 
becomes possibl to form a r sist patt rn with a still smaller opening siz from the op ning siz of th resist 
pattern formed at the 1 st half xposur pr cess. 

[0006] Exposing the light xposure used for th half xposur process of the abov 2nd until only th 
photoresist of th groov bottom s ction f rmed at the 1 st half xposur process r aches a semiconductor 
substrat front fac , photoresists other than the groov bottom s ction becom possible [ obtaining a resist 
pattern with an op ning siz smaller than th pattern siz of a photo mask good ] by using light xposure which 
is not xpos d until it r aches a semiconduct r substrat front fac . 
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[0007] 

[Emb diments of the Inv ntion] Proc ss drawing of the f rmati n method of the resist pattern cone rning th 
gestalt of th op ration of this inv ntion to drawing 1 is shown. For on in drawing, as for a ph tor sist and 3, a 
semiconductor substrat and 2 ar [a photo mask and 4 ] i lin s. At a process (a), 1.08 micrometers of p sitiv 
resists 2, such as Sumitom Chemical PFi26A, are applied by the spin applying method on the semiconductor 
substrat 1. and 90 degr s C performs BEKU dryness for 90 s conds after that. Th n. the i lin 4 (wavelength 
of 365nm) performs th 1st half xposur process using a reduction projection align r using the usual photo 
mask 3 which has the opening pattern of 0.5-micrometer width of face. The following figure of (a) shows the 
distribution of the optical intensity on a photoresist 2, a vertical axis shows optical intensity and a horizontal 
axis shows the position on a photoresist 2. Next, a resist pattern as shown in (b) is formed by developing a 
photoresist 2 with the alkali developer of the Tokuso SD-1 grade, and rinsing and drying further. Next, as shown 
in a process (c), the 2nd half exposure process which irradiates the i line 4 all over photoresist 2 is performed, 
th following figure of a process (c) — a process (a) — the distribution of the optical intensity on a photoresist 
2 is shown similarly In this case, in order that the side of the slot formed at the 1 st half exposure process may 
carry out the duty of a phase shifter, 180 degrees is reversed, and a part of phases of an incident light (i line 4) 
offset an incident light, and weaken optical intensity near [ this ] the side locally. Therefore, as shown in the 
following figure of (c), the optical intensity distribution on a photoresist 2 become low near the side of the 
above-mentioned slot, and turn into a distribution which becomes high in a part for other photoresists top and 
a slot center section. By finally performing a process (b) and the same development process, a resist pattern 
as shown in (d) is formed. 

[0008] That is, even if it is the case where the usual photo mask which has the opening pattern of 0.5- 
micrometer width of face like the form of this operation is used, the width of face of the resist pattern finally 
formed at a process (d) is set to about 0.35 micrometers, and the formation of a resist pattern 0.5 micrometers 
or less of it is attained using the usual photo mask by this invention method. 

[0009] When especially the light exposure of the half exposure process (a) of the above 1st is an amount as 
which the thickness of the photoresist 2 exposed by the 1st half exposure process is expressed in the following 
formulas, the shift efficiency of the phase of the incident light in the slot side formed at the 1st development 
process becomes the highest. 

Thickness lambda of the photoresist of which t=n-lambda / 2Nft:exposure is done: Wavelength of light (i line 
365nm) 

Nf: The refractive index of a photoresist (in PFi26A, it is 1.628) 

n: When the natural number, for example, the photoresist of 1.08 micrometers of thickness, is used, as for the 
exposure thickness in the 1st half exposure process, it is efficient in the 2nd half exposure process to make it 
into 0.67 micrometers in the case of n= 6 (i.e., exposure thickness), and it is desirable at the point that a phase 
shift is obtained. 

[0010] Moreover, the exposure energy used for exposure of a photoresist is chosen according to the pattern 
width of face of the photo mask used at the 1 st half exposure process, for example, when the pattern width of 
face of a photo mask is 0.5 micrometers like the form of this operation, as exposure energy, 90 mJ/cm2 are 
desirable [ energy ]. Moreover, since it is necessary to form opening of a size smaller than the opening size 
which this 2nd half exposure process left the unexposed portion, and formed by 1 st exposure as exposure 
energy used for the 2nd half exposure process, it is desirable to use about two 60 mJ/cm smaller than the 
energy used for the 1st half exposure process. 

[0011] Thus, by performing half exposure with a depth of 0.67 micrometers by exposure energy 90 mJ/cm2 to 
th photoresist of 1.08 micrometers of thickness, and forming a slot-like resist pattern in the 1st half exposur 
process When the amount of [ of this slot-like resist pattern ] lateral portion functions as a good phase shifter 
in the 2nd half exposure process and 180 degrees of phases of some incident lights are reversed in this portion 
It can consider as a distribution as showed the optical intensity which carries out incidence to a photoresist in 
th 2nd half exposure process in the drawing 1 (c) following figure. Furthermore, by using about 60 mJ/cm2 as 

xposure energy of the 2nd half exposure process, as shown in drawing 1 (d), finally formation of about 0.3- 
micrometer resist pattern is attained using the photo mask of 0.5-micrometer pattern. 
[0012] 

[Effect of the Invention] By the above explanation, according to this invention, it sets at the 1st half exposure 
process so that clearly. By forming a slot-like resist pattern so that a part of phase of the light used for the 
2nd half exposure process can be reversed, and performing the 2nd half exposure process further The same 
phase as the case where a phase shift mask is used 

[0013] Formation of a resist pattern 0.5 micrometers or less is attained without this using an expensive phase 
shift mask like before, and reduction of a manufacturing cost is attained. 

[0014] Moreover, it is also possible to change freely the resist pattern width of face which can be formed by 
changing xposur conditions, and it is also th method of being flexibl as compared with th method using a 
phas shift mask 
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2. **** shows th word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS ______ _ 

[Brief Description of the Drawings] 

[Drawing 1] It is process drawing of the formation method of the resist pattern concerning this invention. 
[Description of Notations] 

In a semiconductor substrate and 2, a photoresist and 3 show a photo mask and 4 shows [ 1 ] i line. 
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DRAWINGS 

[Drawing 1} 
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